
Status Report #4 

Period Ending: May 31, 1965 

Grant No.: NsG-455  

Contractor: University of Virginia 
Charlottesville, Virginia 

Authors of Report: K. Zioclr 
R. C. Ritter 
Department of Physics 

- 
I 

0 (THRUI 

- 
-I 

L ~ iCATE(I0RY) 
B 

(NASA CR OR TMX.OR AD NUMBER) 



S t a t u s  Report 

XSG-455 

Genera l  In fo rma t ion :  

P e r s o n n e l .  

P r e s e n t l y  working on t h e  project f u l l  t i m e  are 

one  i n s t r u m e n t  maker and  one e l e c t r o n i c s  t e c h n i c i a n .  

Another  e l e c t r o n i c s  t e c h n i c i a n  is working 1 /2  time. The 

development of a large volume so l id  s t a t e  detector has  

been  a s s i g n e d  t o  a graduate s t u d e n t  as a Ph.D. thesis .  

Progress Report: 

The emphasis d u r i n g  t h e  report period has been 

almost e x c l u s i v e l y  on  t h e  development of large volume 

Li d r i f t e d  Ge detectors. 

(a) Development of Large Volume L i - d r i f t e d  G e  Detectors. 

Early t h i s  period G detectors were fabricated 

whrfkh detected gamma rays. A spec t rum showing a peak from 

N a  511 Kev gamma r a y s  is shown i n  F i z .  1. T h i s  e x h i b i t s  22 

o u r  main problem a t  t h a t  tixiie. l'le had n o t  found a way to 

p r o p e r l y  apply t h e  "c leanup d r i f t " .  Consequen t ly ,  leakage 

c u r r e n t  was large, and  t h e  %G Megohm load resis tor  i n  

o u r  preamplif ier  p r e c l u d e d  t h e  s e t t i n g  of biases h i g h  

enough to s u i t a b l y  decrease t h e  detecfor c a p a c i t a n c e .  

Consequent ly ,  t h e  p r e a m p l i f i e r  n o i s e  dominated t h e  re- 

s o l u t i o n ,  and  vms responsible for  n e a r l y  a l l  of t h e  l i n e  

w i d t h  exhib i ted  i n  Fig. 1. 



Scbsc.n,uent. work showed new problems,  as t h e  q u a l i t y  

of t h e  diodes decreased i n  t h e  n e x t  1 attempts. 19e f i n a l l y  

found t h e  s o l u t i o n  t o  t h i s  as b e i n g  a c o n s i d e r a b l y  more 

r i z o r o u s  t r e a t m e n t  of t h e  diode edses. S i n c e  t h i s  treat- 

ment t h e  diode q u a l i t y  has g r e a t l y  improved, w e l l  beyond t h e  

best p r e v i o u s  ones .  

Much was l e a r n e d  a b o u t  t h e  many d i f f e r e n t ,  and  

i n d e p e n d e n t l y  i m p o r t a n t  f a c e t s  of  d i f f u s e d  j u n c t i o n  

diodes and  L i th ium d r i f t i n g  i n  Germanium. P r o g r e s s  earlier 

i n  t h e  r e p o r t  p e r i o d  was l a rge ly  due t o  a r e f i n i n z  of 

l a b o r a t o r y  p rocedure  and  a more c a r e f u l  and  e d u c a t e d  choice 

of materials. 

E a r l y  d i f f i c u l t i e s  w i t h  d r i f t i n g  diodes t h a t  h a d  

good v o l t a g e  characteristics ncre t a k e n  d i r e c t l y  t o  our 

prime s u p p l i e r  of materials;  S y l v a n i a  i n  Towands, Pennsy lvan ia .  

The problems t h a t  sere d i s c u s s e d  were common t o  several 

labs t r y i n g  t o  d r i f t  l i t h i u m  i n t o  germanium a t  t h a t  t i m e .  

The e n g i n e e r s  a t  S y l v a n i a  believed t h a t  t h e  d i f f i c u l t i e s  

were larzely due t o  an  oxygena t ion  of t h e  crystals  d u r i n g  

t h e  2;rovring stases. They besan  p r e p a r i n g  material immedia te ly  

a f t e r  t h i s  d i s c u s s i o n  t h a t  sere v e r y  n e a r l y  free from t h i s  

t y p e  of con taminan t .  The first batch of crystals  t h a t  

were r e c e i v e d  of the newer t y p e  of  c r y s t a l ,  p rov ided  us 

w i t h  t h e  first d i f f u s e d  diodes t h a t  i n c r e a s e d  a p p a r e n t  

r e s i s t i v i t y  w i t h  t ime. 
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A visit h37 Or; G. Dearna ley  a t  t h e  end of March 

offered u s  a chance t o  d i s c u s s  our procedure  w i t h  him. The 

outcome of t h e  d i s c u s s i o n  vias t h a t  a few v e r y  small  changes  

or a d d i t i o n s  t o  o u r  process would most l i k e l y  have large 

e f f e c t s .  The most impor t an t  p o i n t s  d i s c u s s e d  mere as 

2 0 1 lo\.rs : 

E v a p o r a t i o n  and  D i f f u s i o n  of Li th ium:  I t  vias n o t e d  t h a t  t h e  

most r e c e n t  methods t h a t  vie u s e  were t h o s e  t h a t  had a l s o  

g i v e n  him t h e  b e s t  and most r e p r o d u c i b l e  r e s u l t s .  Tha t  is; 

1. Br ing  t h e  substrate up t o  t h e  t e m p e r a t u r e  
t h a t  is to be used  d u r i n g  d i f f u s i o n .  

2. Evapora t e  L i t h i u n  and  d i f f u s e  s i m u l t a n e o u s l y  
for  t e n  t o  twe lve  minu tes .  

3. Cool q u i c k l y  by b l e e d i n g  supe r -d ry  n i t r o Z e n  
t o  t h e  be l l ' j a r .  

The idea of h e a t i n g  t h e  Germanium s u b s t r a t e  by r a d i a t i o n  

h e a t i n g  vias r e c e i v e d  f a v o r a b l y .  

Reagent P u r i t i e s :  The d i s t i l l e d  water t h a t  we u s e  h a s  

a r e s i s t i v i t y  measured t o  be 0 .20 ne~ohm-c;n. I t  ims 

s u s g e s t e d  t h a t  vie inp rove  t h e  p u r i t y  t o  1 I I E ~ O ~ ~ : I - C ~  or 

better.  T h i s  vias found by D r .  Dearna ley  t o  have been a 

c a u s e  of poor  a n d  v a r i a b l e  r e s u l t s .  Consequent ly  me 

purchased  a d e i o n i z e r  t o  p u r i f y  t h e  nater j u s t  b e f o r e  it 

was used .  

D r i f t i n g :  The impor tance  of a c a r e f u l l y  c o n t r o l l e d  ambient  

e a v i r o n n e n t  vias d i s c u s s e d .  R r .  Dearna ley  agreed t h a t  o u r  

idea of d r i f t i n s  i n  vacuum v i r t u a l l y  e l i m i n a t e d  t h e  chance  

of sudden change of t h e  xmbient envi ronment  and  p r o v i d e d  t h e  

g r e a t e s t  f r e e d o n  from water vapor .  
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I n  o r d e r  t o  tes t  o u r  c o n c l u s i o n s  and  t h e  s u g g e s t i o n s  

of D r .  Dearna ley  new samples  were p r e p z r e d  i n  which t h e  edges 

were c a r e f u l l y  sawed off  and t h e n  zround and  p o l i s h e d  p r i o r  

t o  t h e  d r i f t i n s .  The results of this t r e a t m e n t  sere v e r y  
2% 20'1 s r a t i f y i n z .  F i g u r e s  s ,3 ,  and 4 shovi s p e c t r a  of Na , B i  , 

and  cos' t a k e n  w i t h  one of t h e  new detectors.  The 

detector r e s o l u t i o n  de te rmined  from these measurements 

is d E = 12 kev P V / ~ I .  Taking  i n t o  accoun t  t h e  fac t  

t h a t  t h i s  d e t e c t o r  - owins t o  our i n p a t i e n c e  t o  tes t  it  - 
had been d r i f t e d  t o  z? dep th  of o n l y  6 nci we e x p e c t  t h a t  

n ciore d e e p l y  d r i f t e d  s p e c i n e n  aill conpare  f a v o r a b l y  w i t h  

t h e  best  co:miercial  detectors v ih i ch  have Ls 3 = S keV. 

I n  t h e  ncant ine a n  e l e c t r o l y t i c  p o l i s h i n g  nach ine  

has been b u i l t  and  is p r e s e n t l y  u n d e r c o i n c  tes ts .  A s p a r k  

c u t t e r  purchased  by mothe r  p o u p  i n  t h i s  departxilent aill 

be a v a i l a b l e  s h o r t l y  and b o t h  ins t ru i i ien ts  s h o u l d  h e l p  u s  

t o  f u r t h e r  i:.igrove t h e  s u r f a c e  t r e a t n e n t  of our d e t e c t o r s .  

ICeepinC; i n  n i n d  that the , l a n u f a c t u r e  of d i sc  

shaped detectors mas on ly  a p r c l i c i i n a r y  t o  t h e  development 

of c y l i n d r i c a l  detectors we have p r e p a r e d  i n  the :.icantine 

a l l  the a p p a r a t u s  i iccessary  t o  h m d l e  these detectors and 

p l a n  t o  proceed vitli t he i r  n a n u f n c t u r e  i n  the n e a r  f u t u r e .  

(b) I n v e s t i g a t i o n  of Solid S t a t e  P r o p e r t i e s  aad E f f e c t s  
t h a t  N i ~ l i t  be of Importance t o  t h e  Developnent  of N e w  
P a r t i c l e  D e t e c t o r s .  

Techniques  for the vaeuusi d e p o s i t i o n  of A l -  A1203 - 
Pb supe rconduc t  i n s  t u n n e l  d i o d e s  had been  developed  t o  a 
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p o i n t  vhere r e p r o d u c i b l e  d i o d e s  c;?n be c ianufac tured  r o u t i n e l y .  

The s i s n a l s  seen d u r i n g  e a r l i e r  tes ts  sere not s e e n  azain 

and vrere presumably n o t  related t o  the p r e s e n c e  of G: p a r t i c l e s .  

Because of our c o n c e n t r a t i o n  of L i  d r i f t e d  detectors and 

because t h e  lovr t e m p e r a t u r e  f a c i l i t i e s  of t h e  depar tment  

are presently being expanded, f u r t h e r  aorl: on t h i s  effect  

has been postponed. 




